Introduction
Since their first issuance in 1909, credit ratings have been widely regarded by investors, regulators, public media, suppliers, financial counterparties, and customers as primary indicators when assessing the credit risk of firms (Kisgen 2007) . A substantial impact of credit ratings on financial markets has been documented in academic research (Hand, Holthausen, and Leftwich 1992; Blume, Lim, and MacKinlay 1998; Ederington and Goh 1998; Amato and Furfine 2004; Kisgen 2006) . Survey-based evidence shows that a good credit standing is ranked as the second-most important concern after financial flexibility in financing decisions (Graham and Harvey 2001) . 1 However, in the wake of massive accounting irregularities in the early 2000s and the more recent worldwide credit crisis, the quality of credit ratings has come under intense criticism. For instance, in an October 2008 progress update on financial market developments, the President's Working Group on Financial Markets (PWG) argues that low-quality credit ratings contributed materially to the global market turmoil. In particular, it argues that delays in lowering the credit scores of companies that ultimately failed (e.g., Enron and Worldcom) cost investors unprecedented losses. The primary objective in this study is to examine the extent to which rating agencies incorporate forward-looking information, such as managerial compensation incentives, into risk assessments. Specifically, we investigate the sophistication of rating agencies in taking account of managerial risk-taking incentives when making their credit risk evaluation. In addition, we evaluate the significance of credit ratings in the design of CEO compensation and examine whether firms with considerable rating concerns will adjust the risk-taking incentives in managerial compensation accordingly.
Economic literature provides theoretical and empirical evidence that adding convexity into managerial payoff structure, for example with equity compensation such as stock options, potentially raises a manager's appetite for risk. When managerial personal wealth is sensitive to firm risk, managers may be motivated to choose investment policies that increase the volatility of financial reporting and firm performance, thereby increasing the firm's future default risk (see, e.g., Jensen and Meckling 1976; Brander and Poitevin 1992; John and John 1993; Guay 1999; Guay 1999, 2002; Knopf, Nam, and Thornton 2002; Coles, Daniel, and Naveen 2006; Rajgopal and For example, when the credit rating of NUI Corporation was downgraded in 2003, the downgrade triggered a 37.5 basis point increase in its borrowing costs (NUI Corporation, Form 10-Q, 2003) . Similarly, when AIG's credit rating was downgraded by all three major rating agencies in 2008, the downgrades triggered AIG's counterparties to call for more than $13.3 billion of additional collateral.
Contemporary Accounting Research Vol. XX No. X (X X) pp. 1-37 © CAAA doi:10. 1111/1911-3846.12005 firms significantly decrease the sensitivity of top management's wealth to stock return volatility, or vega, but we find no evidence that firms' rating concerns significantly affect the sensitivity of managerial wealth to stock price, or delta. In particular, if during the prior year, a firm in our sample experiences any type of rating downgrade, assuming everything else equal, the firm is expected to reduce vega incentive in new option grants by approximately 18 percent, compared to firms that did not experience a downgrade. A downgrade to the lower edge of the investment category (i.e., BBBÀ) in the previous year is associated with a 51 percent reduction of vega in options granted to its CEO during the next year. In addition, we observe statistically significant differences in the reduction of vega across the two rating concern measures, suggesting that the greater are firms' concerns about their credit ratings, the more aggressively they will reduce managers' vega incentive. The current study contributes to the literature in several ways. First, motivated by the well-documented impact of executive compensation on firm decisions (see, e.g., Berger, Ofek, and Yermack 1997; Core and Guay 1999; Rogers 2002; Coles et al. 2006 ), this study is among the first to systematically analyze the extent to which credit ratings incorporate managerial risk-taking incentives. It argues that rating agencies have particular positions 3 that enable the acquisition of information about firms' prospects, but what rating agencies actually do in constructing their assessments of credit risk is cloaked in secrecy. Although the importance of rating agencies in the markets has been demonstrated in the literature (Ederington, Yawita, and Roberts 1987; Goh and Ederington 1993; Kliger and Sarig 2000; Coffee 2002 ), the quality of credit ratings has been the subject of mounting public scrutiny following a series of accounting scandals in the early 2000s and the more recent global credit crisis. Our study contributes to the increasingly heated debate on the quality of credit ratings by providing evidence on the sophistication of rating agencies in incorporating forward-looking information -in particular, risk-taking incentives derived from managerial compensation -into risk assessments. Prior literature demonstrates that credit ratings capture the relationship between issuers' default risk and capital structure, corporate governance, and information characteristics (Kisgen 2006; Ashbaugh-Skaife, Collins, and LaFond 2006; Cheng and Subramanyam 2008) . The current study advances our understanding of the rating process from the perspective of managerial compensation incentives. While we do not equate sophistication in incorporating forward-looking information with high quality credit ratings per se, we expect that risk assessments that take such information into account are desirable from the perspective of rating users.
Second, built on prior research on the impact of credit ratings on firms' operational and investment policies (Ederington et al. 1987; Hand et al. 1992; Ederington and Goh 1998; Graham and Harvey 2001; Kisgen 2006) , this study examines the influence of firms' ratings scores on executive pay. The results suggest that firms concerned about their credit ratings will tone down managers' risk appetite by decreasing the sensitivity of managerial wealth to the volatility of firm performance (vega); however, they do not loosen the interest alignment between managers and shareholders (delta). The findings shed new light on how rating-troubled firms adjust managerial risk-taking incentives.
In addition, this study also contributes to the growing literature on the implications of corporate governance on credit risk and credit ratings. There is a sequence of work on the association between corporate governance attributes and credit risk and/or credit spreads (see, e.g., Ashbaugh-Skaife et al. 2006; Bradley and Chen 2011) . Our study is part of the 3.
Rating agencies have privileged access to inside proprietary information insofar as that information is to be used to construct their assessments of the firm's default risk (see, e.g., Coffee 2002) . For instance, the SEC's Regulation Fair Disclosure (FD), implemented on October 23, 2000, prohibits U.S. public companies from making selective disclosure of nonpublic information to financial professionals such as equity research analysts, but grants issuers a conditional exception for information disclosed to ratings agencies, provided that the information is used solely to prepare a credit rating.
larger literature that contains the work on executive risk-taking incentives from compensation, an important aspect of corporate governance. One general concern in executive compensation literature is the potential endogeneity problem (Armstrong, Jagolinzer, and Larcker 2010; Coles, Lemmon, and Meschke 2012) . In the current study this concern arises over the endogenous relationship between compensation, investment, and financing policies. In the main analysis, we try to mitigate this concern by including control variables and controlling for (unobservable) firm and time effects simultaneously. To check the robustness of the findings, we employ an array of empirical methodologies, including simultaneous equations estimation, change-in-variable regressions, and so forth. Our conclusions are drawn on the basis of consistent findings.
The remainder of the paper is organized as follows. Section 2 reviews prior literature and develops our hypotheses. We introduce our research design in section 3. Section 4 discusses the paper's main empirical findings on the impact of compensation incentives on credit ratings and the effect of credit rating changes on a firm's compensation policies. The results of robustness tests are reported in section 5. Section 6 concludes.
Related literature and hypothesis development Related literature
Agency theory posits that one way to offset the concavity of a risk-averse manager's utility function is to make managerial compensation follow a convex payoff structure, that is, to make managerial wealth sensitive to firm performance. As a result, managers can share firm profits and "upside" gains when the firm prospers, but are protected from losses due to limited liability. One of the consequences of such a payoff structure is that managers may find risk more valuable and thus are motivated to undertake risky investments. 4 Among empirical studies that rely on the above or similar intuition, Tufano (1996) , Berger et al. (1997) , and Rogers (2002) , among others, explore the association between managerial stock and/or option holdings and financial polices, including leverage, repurchases, and derivatives usage. They show that top management's equity compensation is positively related to riskier financial policies. DeFusco et al. (1990) find that firms that approved stock option plans between 1978 and 1982 exhibited a stock return variance increase, and Agrawal and Mandelker (1987) find that firms with higher stock plus option ownership take on more variance-increasing acquisitions. Prior studies differentiate managerial risktaking incentives from compensation into vega -the sensitivity of managerial wealth to the volatility of firm performance, and delta -the sensitivity of managerial wealth to firm performance. Vega captures the convexity of managers' payoffs on the firm value while delta gives managerial incentives to take risk on behalf of shareholders. Guay (1999) shows that the volatility of stock returns increases with CEO compensation scheme convexity (as measured by vega). Rajgopal and Shevlin (2002) find that oil exploration risk is positively related to lagged vega, and Knopf et al. (2002) show that the use of derivatives is negatively related to vega. Coles et al. (2006) investigate the causal relationship between managerial compensation and investment policy, debt policy, and firm risk. Controlling for delta and accounting for reverse causation in the empirical design, they show that when CEO wealth is more sensitive to performance volatility (i.e., with higher vega), managers have greater incentives to implement several riskier financial choices, including relatively more investment in research and development, higher leverage, and less corporate diversification. In terms of causation flowing the other way, they find that riskier policy choices generally lead to compensation structures with higher vega and lower delta.
4.
However, there are mixed results on the association between managerial option compensation and risk-taking behavior (Ju, Leland, and Senbet 2002; Lewellen 2006; see Coles et al. 2006 for a review of the empirical findings).
Bondholders are mainly concerned about the downside risk of a firm's investments (Jensen and Meckling 1976) ; creditors prefer stable performance to risky investment policies that can increase the likelihood of business failure and financial default. In the absence of any equity-based incentives, the payoff structure of risk-averse managers is more like that of bondholders, with limited upside profits while being exposed to the downside risk when a project fails. Therefore, the risk-aversion can lead managers to choose less than optimal firm risk (see, e.g., Smith and Stulz 1985) . By adding convexity into managerial payoffs with, for instance, equity compensation, a firm will motivate its managers to behave like risk seekers as increases in stock return volatility increase the managers' expected utility. Consistent with this assertion, prior studies document a significant negative reaction in the bond market to the grants of equity-based incentives (see, e.g., DeFusco et al. 1990; Billett et al. 2010 ) and bondholders anticipate managerial risktaking incentives from compensation when negotiating lending contracts (Daniel et al. 2004; Vasvari 2008) .
However, Stulz (1984) and Smith and Stulz (1985) argue that without convexity in their compensation package risk-averse managers with high levels of ownership will seek to diversify risk, consistent with the interests of bondholders. Furthermore, there is evidence demonstrating the trade-off between delta and vega impacts the cost of debt. Devos, Prevost, and Rao (2009) find offsetting effects of vega and delta on bond yields. Billett et al. (2010) document opposite bond market reactions to changes in vega and delta of managerial compensation. Brockman et al. (2010) report different impacts of delta and vega on maturity structure of corporate debt.
In respect of credit ratings, prior studies document the information content of credit ratings. For instance, evidence suggests that rating assessments efficiently predict the yield to maturity beyond the publicly available information that would predict spreads (see, e.g., Ederington et al. 1987; Kliger and Sarig 2000; Odders-White and Ready 2006) . Prior studies also show that credit rating downgrades are accompanied by significantly negative reactions from the bond market as well as the stock market (Hand et al. 1992; Ederington and Goh 1998) , whereas firms receive benefits from maintaining a particular rating level. Consistent with anecdotal evidence (Graham and Harvey 2001) , prior research shows that the benefits of upgrades and costs of downgrades directly influence firms' financing decisions (Kisgen 2006 (Kisgen , 2007 . For instance, firms with larger credit rating concerns will issue less debt relative to their peers with less credit rating concerns. Further evidence shows the stability of ratings, suggesting that rating agencies focus on firms' default risk over long investment horizons (Altman and Rijken 2004) .
Notwithstanding the above research, credit ratings are a less explored area in the accounting literature (Frost 2007) . Studies investigate the sophistication of rating agencies in incorporating complex accounting information (such as disclosures of employee stock options) in risk assessments (Lee 2008) , the effects of corporate governance quality on credit rating evaluation (Ashbaugh-Skaife et al. 2006; Bradley and Chen 2011) , and the interaction between securities analysts and credit risk analysts in monitoring and supervision (Cheng and Subramanyam 2008) . The evidence suggests that credit risk analysts include value-relevant accounting information in risk assessments, that weak corporate governance impairs firms' creditworthiness, leading to lower rating results, and that the rating agencies play an important role in monitoring and deterring managerial misbehavior. Our study falls into the theme of research that examines the value of credit ratings, the sophistication of credit raters in incorporating complex information into their assessments, and the effect credit ratings have on engineering top management's compensation contracts. Shaw (2012) examines the impact of managerial equity compensation on the cost of debt, where credit ratings on individual new bond issues are employed as a proxy for the cost of debt. Our study differs in three aspects. First, the purpose of our study is to analyze the extent to which rating agencies incorporate CEO risk-taking incentives into the assessments of creditworthiness. Second, the current study focuses on corporate overall creditworthiness. Third, we investigate the effect of rating concerns on the design of CEO compensation. The combined empirical results provide new insights on the risk evaluation process of rating agencies.
Hypothesis development
Rewarding managers with a convex payoff structure and aligning their wealth portfolios with shareholders' potentially increases top management's preference to undertake risky investments and motivates them to transfer bondholders' wealth to shareholders 5 (e.g., Jensen and Meckling 1976; John and John 1993; Ortiz-Molina 2007) . Because risky investment policies increase the probability of business failure and financial default, such policies have an adverse impact on firms' repayment capability and thus jeopardize bondholders' interests. Furthermore, managerial incentives to expropriate bondholders' wealth for the benefits of shareholders are anticipated by rational bondholders and thus generate higher borrowing costs (e.g., Begley and Feltham 1999; Vasvari 2008 ).
Theoretical studies model the existence of credit rating agencies based on information asymmetries and show the role of rating agencies in "information gathering and screening" and certifying the creditworthiness of firms (Millon and Thakor 1985; Boot, Milbourn, and Schmeits 2006) . Empirical studies provide consistent evidence on the efficiency of rating agencies in processing information and assessing firm risk (Ederington et al. 1987; Elton, Gruber, Agrawal, and Mann 2001) . Evidence suggests that credit ratings exhibit significant power in incorporating complex information, such as capital structure, corporate governance features, and so forth, into risk assessments (Blume et al. 1998; Amato and Furfine 2004; Kisgen 2006 Kisgen , 2007 Ashbaugh-Skaife et al. 2006; Lee 2008; Cheng and Subramanyam 2008) . We therefore expect that to the extent that credit ratings are primary indicators of a firm's creditworthiness and executive compensation steers a manager's risk appetite, greater managerial compensation incentives for risk taking are associated with higher default risk and in turn with worse credit ratings. Based upon the above discussion, our first hypothesis is stated as follows: HYPOTHESIS 1. Credit rating agencies incorporate managerial risk-taking incentives derived from compensation into their risk evaluation and larger managerial incentives for risk taking are associated with higher default risk assessed by rating agencies.
Rating agencies normally make the results of their analysis widely available to investors, portfolio managers, regulators, and investment parties. Credit ratings have a significant impact in the marketplace. For instance, large financial institutions are prohibited from owning corporate bonds with low credit ratings, that is, below BBBÀ. Private contracts such as long-term contracts with suppliers or customers, bond covenants, and other financial agreements usually result in the firm being obligated to maintain a particular credit rating (Cantor 2001; Moody's 2003; Kisgen 2007) . Furthermore, rating agencies are considered to possess not only public information but also private information to evaluate the credit quality of the firm. A credit rating can therefore act as a signal of a firm's overall quality (Kisgen 2007 ) and rating downgrades can have an adverse impact on firms' financial positions and operations (Hand et al. 5 .
Studies suggest that when managerial interests are better aligned with those of shareholders, managers have greater incentives to shift risk from shareholders to debtholders by, for example, increasing dividend payouts before default, and thus debtholders perceive their investments in the firm as facing higher risk (Mehran 1992; Berger et al. 1997) . However, excessive interest alignment and managerial overexposure to risk may reduce managers' incentives to take risk (Brick, Palmon, and Wald 2012). 1992; Ederington and Goh 1998; Graham and Harvey 2001) . 6 In addition, prior studies show that concerns regarding credit ratings directly influence firms' reporting and financing decisions (Kisgen 2006 (Kisgen , 2007 Ali and Zhang 2008) . For instance, in order to favorably influence their rating records, firms may cut back dividend payouts, reduce R&D spending, aggressively manage earnings, and/or decrease the proportion of debt in their capital structure.
Executive compensation has been acknowledged by rating agencies as an important factor they use in ascertaining credit risk. Credit raters state that the structure and focus of incentives from managerial compensation are analyzed and incorporated into their risk assessments. Pay packages highly sensitive to firm performance are deemed to induce greater managerial risk-taking behavior not necessarily consistent with bondholders' interest (Standard & Poor's 2002b; Moody's Investor Service, 2005) . These claims are supported by the evidence that top management's risk-taking incentives are positively associated with higher bond spreads and more restrictive covenants in loan contracts (Daniel et al. 2004; Vasvari 2008) . Adjusting managerial compensation incentives may efficiently steer managerial preferences away from risky investments (Guay 1999; Rajgopal and Shevlin 2002; Coles et al. 2006; Kabir et al. 2013 ) and in turn decrease firms' default risk as desired by creditors. Therefore adjusting the design of executive compensation policy and reducing managerial risk-taking incentives is expected to have a positive influence on rating agencies' risk evaluations and help to alleviate firms' rating concerns. The above argument leads to the following hypothesis:
HYPOTHESIS 2. Firms' rating concerns influence the design of managerial compensation and rating-troubled firms will decrease managerial risk-taking incentives by adjusting executive compensation. 
Research design

Independent variable: Managerial risk-taking incentives
Incentivized by the degree of convexity in their payoff portfolios, managers may find it beneficial to undertake more risky investments and financing policies and increase firm risk. Prior literature shows that the convexity of managerial payoff increases with their stock option holdings and managers are incentivized by their stock option compensation to increase the volatility of firm performance (Guay 1999) . We therefore measure managerial risk-taking incentives first by option vega, which captures the sensitivity of the value 6. Hand et al. (1992) find both security market and bond market react negatively upon the announcements of downgrades of straight debt. Ederington and Goh (1998) show that credit rating downgrades result in significantly negative equity returns and that equity analysts tend to revise earnings forecasts "sharply downward" following the downgrades. Furthermore, they show that the market response is a result of the "downgrade itself -not to earlier negative information or contemporaneous earnings numbers." 7.
Our recoding method distinguishes rating notches, such as BBB+, BBB, and BBBÀ. Our results are robust to combining ratings of the letter grade and using fewer rating classes.
of managerial option holdings to the volatility of a firm's stock returns. Another incentive for managers to take risk stems from the degree of interest alignment between executives and shareholders, that is, pay-performance sensitivity. Shareholders may design managerial compensation in a way to motivate managers to promote shareholder value, even at the expense of debtholders (Berger et al. 1997; Ortiz-Molina 2007; Vasvari 2008) . We measure a manager's risk-taking incentives on behalf of shareholders by equity delta, which gives the sensitivity of managerial wealth (including stock and stock option holdings) to stock price. 8 We estimate vega and delta following Core and Guay 2002 . Further details are presented in Appendix 1.
Empirical models
Our first hypothesis posits that rating agencies incorporate managerial risk-taking incentives in their assessments of credit risk. Accordingly, we fit the following regression model:
where, suppressing subscripts, RATING proxies for the credit risk assessment of firm i in year t, and INC proxies for the managerial risk-taking incentives of firm i in year t (either LNVEGA, LNDELTA, ΔLNVEGA, ΔLNDELTA, RESLNVEGA or RESLNDELTA). CONTROL1 is a vector of control variables and e is an error term. Standard errors cluster simultaneously on the firm and year dimensions. Appendix 2 summarizes the variable definitions.
We employ three sets of variant derived from vega and delta to measure managerial risk-taking incentives. First, we take the natural logarithms of vega and delta, respectively (i.e., LNVEGA and LNDELTA), as the base-line measures of risk-taking incentives. In the prior literature, vega and delta exhibit significant impacts on investment strategy and financing policy, and in turn affect credit risk (e.g., Guay 1999; Rajgopal and Shevlin 2002; Coles et al. 2006) . Given that rating evaluations already incorporate the influence of a firm's financial policies on credit risk, we need to measure the additional power of vega and delta beyond current investment and financing policies in explaining the variation of credit ratings. We take the first-order differences of LNVE-GA and LNDELTA (i.e., ΔLNVEGA and ΔLNDELTA), assuming that firms are expected to maintain the same levels of vega and delta in the current year as in the previous year so as to implement the existing investment strategy and financing policy. Then the current vega and delta exceeding (or falling short of) the prior year's levels give additional information beyond the existing financial policies on the firm's default risk. Furthermore, in the spirit of Core and Guay 1999 , Guay 1999 , and Coles et al. 2006 , we construct regressions based on the current financial policy proxies to predict the levels of vega and delta that are required to implement the existing investment strategy and financing policy. 9 Then the residuals from the predictive regressions (i.e.,
8.
Given the well-demonstrated effects of option compensation in motivating managerial risk taking (Core and Guay 1999; Coles et al. 2006) , we focus on new option grants in examining the second hypothesis. 9.
The determinants in the predictive regression of vega include sales of the current year, standard deviation of stock returns over prior 60 months for the firm by the end of the year, book-to-market ratio measured as book value of equity divided by market value of equity for the firm at the end of the year, cash compensation as the sum of salary plus cash bonus paid during the year, book leverage, R&D expenditure scaled by assets, and net capital expenditure to assets. To predict the level of delta, we include sales of the current year, standard deviation of stock returns over prior 60 months for the firm by the end of the year, book-tomarket ratio measured as book value of equity divided by market value of equity for the firm at the end of the year, surplus cash measured as cash from assets-in-place to total assets (Coles et al. 2006) , CEO tenure, book leverage, R&D expenditure scaled by assets, and net capital expenditure to assets. Furthermore, industry and year dummies are included to control for industry-and year-level fixed effects.
RESLNVEGA and RESLNDELTA) capture the "forward" part in the current vega (delta) which is not echoed by the current financial policies. 10 In the hypothesis, we expect rating agencies to incorporate managerial risk-taking incentives into their rating assessments. Because higher rating codes (RATING) correspond to higher default risk, a 1 is expected to be positive.
11
The choice of control variables is based on prior literature on the determinants of bond ratings (e.g., Ashbaugh-Skaife et al. 2006; Cheng and Subramanyam 2008) . Higher return-on-assets (ROA), higher interest coverage (COVER), or a lower leverage ratio (LEV) often represent lower default risk. We therefore expect a negative relationship between RATING and ROA as well as COVER, and a positive relationship between RATING and LEV. Larger firms (MV) and firms in the financial industry (FIN) tend to face lower risk, and thus we expect a negative relationship between RATING and MV as well as between RATING and FIN. Firms experiencing a loss (LOSS) have greater likelihood of default, leading to a predicted positive association between RATING and LOSS. We also control for earnings quality using the transparency measure (TRANS) proposed by Gu 2007 and the absolute value of abnormal accruals (ABSACC); following prior literature, we expect a negative relation between RATING and TRANS, but a positive association between RATING and ABSACC. Several market-based measures of financial risk are also included, such as stock returns (RET), volatility of net income (SDNI), beta (BETA), volatility of monthly returns (SDRET), and book-to-market ratio (BTM). We expect a positive association between RATING and SDNI, BETA, and SDRET. We make no predictions regarding the association between RATING and RET or between RATING and BTM, because prior literature shows that these measures of financial risk may also capture increased growth opportunities, which indicates decreased default risk (Bhojraj and Sengupta 2003) . Similarly, we make no prediction on the association between RATING and investment in intangible assets (INTAN), as higher investment in intangible assets may increase the risk of default or positively influence the firm's future profitability. Finally, no predictions are made on new equity capital raised during the year (ΔEQ), 12 as equity financing can mitigate agency problems between shareholders and debtholders and thus work to decrease credit risk, but it can also indicate difficulty in raising debt capital, which would exhibit different implications for credit risk.
In the second hypothesis, we expect that firms with rating concerns will reduce managerial risk-taking incentives in compensation design. Given the significance of stock option compensation in inducing managers to choose risky investment projects (Jensen 10 .
Literature shows that current risk-taking incentives may motivate change of investment policies in future periods (Rajgopal and Shevlin 2002) . Furthermore, firms may design compensation in such a way to attract and retain certain types of managers. A compensation contract with high levels of vega and/or delta may fit the profile of the top managers whose actions are expected to bring the best interest to the shareholders. 11.
Due to the high multicollinearity between LNVEGA and LNDELTA (with a correlation of 0.75), LNVE-GA and LNDELTA are not simultaneously included in the model, neither are ΔLNVEGA and ΔLNDELTA (with a correlation of 0.70) for the same reason. However, Coles et al. (2006) demonstrate the importance of investigating the incentive effects of vega after controlling for delta incentive and vice versa. In response, we include both RESLNVEGA and RESLNDELTA in (1) and we regress RATING on both LNVEGA and LNDELTA in simultaneous equations estimation as shown in Section 5. We find that the relationship between managerial compensation incentives and credit ratings stays robust after we control for the other dimension of managerial risk-taking incentives. 12.
We use cash flows from new equity issues to indicate whether the firm has raised equity capital during the year. The employment of this measure is based on prior literature (see Cheng and Subramanyam 2008) . The correlation between ΔEQ and LNDELTA (LNVEGA) and their variant is below 0.10 (with p-value < 0.01), which suggests that it is less likely that the potential mechanic association between equity capital change and executive equity compensation may bias the estimates.
and Murphy 1990; Guay 1999, 2002; Coles et al. 2006) , our analysis focuses on whether rating-troubled firms will adjust option grants so as to reduce top management's incentives to take risk. 13 We employ the following model:
where, suppressing subscripts, NEWOPTINC proxies for managerial incentives from newly granted stock options (either LNNEWVEGA or LNNEWDELTA), RCON proxies for one of our measures of credit rating concerns (either DOWN or DOWNBBBÀ), CONTROL2 is a vector of control variables, and e is an error term. Standard errors cluster simultaneously on the firm and year dimensions. Appendix 2 summarizes the variable definitions. The dependent variable is left-censored and thus OLS will lead to biased and inconsistent estimates. We therefore fit a tobit model in order to account for the censoring at zero incentive grants. Furthermore, firms may simultaneously decide whether to grant options and the magnitude of the option grant conditional on making a grant. In effect, we follow Core and Guay 1999 and use tobit models to jointly estimate the probability of a grant and the size of a grant for the grant and nongrant observations. We employ two measures to capture firms' credit rating concerns. Our first measure is DOWN, which is coded one if the firm experienced a rating downgrade in the prior year and zero otherwise. We expect that firms are more concerned about their credit ratings if they have recently experienced a rating downgrade, and that such concerns will trigger changes in corporate governance devices, such as risk-taking incentives from option grants. Our second measure of rating concerns is DOWNBBBÀ, which indicates whether the firm's ratings have been downgraded to the lower edge of the investment category (i.e., BBBÀ). This measure is based on Kisgen 2006 , who argues that firms having been downgraded to the lower edge of the investment category will be most concerned about their ratings. Following this argument, we expect firms' concerns to rise when their ratings have been downgraded to the lower edge of the investment category. Note that the two measures of rating concerns are nested such that they reflect increasing concerns. Given the significance of credit ratings on firms' financial positions and operations, we expect that firms with substantial rating concerns will reduce managerial incentives for risk taking with the view of restoring or at least maintaining their rating scores. We therefore expect a negative association between NEWOPTINC and RCON, that is, a negative b 1 .
The choice of control variables is drawn on Guay 1999 and Core and Guay 1999. We first control for the possibility that firms may grant options to adjust portfolio incentives to the level required to implement previous year's financial policies. Following prior literature, we estimate the levels of vega and delta using previous year's investment strategy and financing policy as determinant variables 14 and the residuals from the regressions give the deviation of the actual incentive from the predicted level of the incentive in year t À 1 (i.e., RESLNVE-GA tÀ1 and RESLNDELTA tÀ1 ). The predicted level for last period would be the norm for a firm with those characteristics, and that departures from that predicted level would motivate a response by the firm to adjust the incentives with new grants. We expect that when managerial incentive is above (below) the predicted level in year t À 1, a smaller (larger) incentive grant will be made in year t. In the regression with vega in new option grants as the dependent variable, we include R&D and CAPEX to control for the impact of investment policies 13.
Following prior literature (e.g., Core and Guay 1999), we predict that new option grants represent the primary way to adjust managerial option holdings and in addition may alleviate rating concerns of a firm. 14.
The required levels of vega and delta in year t À 1 are estimated based on a vector of determinants measured in year t À 1. Refer to footnote 10 for the definitions of these determinants. Following Core and Guay 1999, we estimate RESLNVEGA tÀ1 and RESLNDELTA tÀ1 on the basis of individual annual regressions.
on option grants; in the model with delta in new option grants as the dependent variable, BTM captures firms' investment and growth opportunities, and COVER controls for firms' cash flow situation. In both models, the financial risk measures BETA and RET are included. EMPL proxies for firm size. Further, following Core and Guay 1999, we control for the impact of CEO risk aversion by adding TENURE into both models. Prior literature and anecdotal evidence suggest the presence of firm and time effects on credit ratings. In the spirit of Cameron, Gelbach, and Miller 2011 and Thompson 2011, we address firm and time effects by estimating the models with standard errors clustering on firm and year dimensions simultaneously. In contrast to conventional fixed effect models, our approach does not assume constant firm or year effect. The assumption of constant firm or time effect may not fully remove the dependence between observations and therefore will produce biased standard errors if the firm or time effect is indeed not fixed (Petersen 2009; Gow, Ormazabal, and Taylor 2010) . Because our approach does not assume constant effects, the results are not subject to the related estimation bias.
Sample distribution and summary statistics
Our sample consists of all firm-year observations from 1992 to 2006 with available data for the analyses. The data are retrieved from several sources. We obtain accounting data from COMPUSTAT Industrial Annual. Market return data are acquired from CRSP. Data on CEO compensation come from Execucomp. All continuous variables are winsorized at the 1 percent and 99 percent levels to mitigate the influence of extreme values on the analyses. The final sample consists of 8,189 firm-year observations from 1992 until 2006. Firms incorporated in our sample all have rating records issued by Standard & Poor's. Compared with COMPUSTAT full sample, they are larger in size as measured by total assets (t-statistics = 42.12, with p-value < 0.01), with higher book value of equity (tstatistics = 76.55, with p-value < 0.01), and use more long-term debt to assets (t-statistics = 37.80, with p-value < 0). But no significant differences have been identified in book-tomarket ratio and profitability as measured by ROA between our sample firms and COM-PUSTAT universe companies. Table 1 reports the distribution of recoded ratings, including both number of observations and relative percentage. The distribution is qualitatively similar to that in prior studies (e.g., Ashbaugh-Skaife et al. 2006; Cheng and Subramanyam 2008) : the broad BBB category has the largest weight in the sample (i.e., 33.8 percent of the sample firm-years). Investment grade ratings (i.e., BBBÀand above) account for 74.1 percent of all the observations. Table 2 presents summary statistics. In Panel A we find that the distribution of RATING is comparable to prior findings (e.g., Cheng and Subramanyam 2008) , with a mean (median) RATING of 8.49 (8.00), which approximately corresponds to an average credit rating of BBB or BBB+ at the median. Turning to LNVEGA and LNDELTA, natural logarithms address the skewness of our incentive variables in the sense that the means of LNVEGA and LNDELTA do not significantly differ from their medians. Regarding the incidence of rating downgrades, DOWN occurs in 13 percent of cases and DOWNBBBÀ occurs in 1 percent of cases in the sample. Consistent with evidence documented in prior literature (e.g., Lee 2008) , rating downgrades are not commonly observed in our sample. Stable rating scores imply that there might be a substantial impact of rating downgrades on issuers and related parties. Stable ratings also imply that it might be difficult for issuers to predict a rating downgrade ex ante, 15 but once 15. Before raters downgrade an issuer' ratings, there might be a negotiation process, during which the issuer could adjust strategies ex ante so as to avoid a rating downgrade. However, such negotiation is not guaranteed and we can hardly empirically ascertain whether a negotiation process or the resulting strategy adjustment exists.
it happens, the issuers would try hard to turn the downgrade around or at least prevent further rating deterioration. The descriptive statistics for the control variables are also comparable to those reported in prior studies (e.g., Ashbaugh-Skaife et al. 2006; Cheng and Subramanyam 2008) . Panel B of Table 2 presents the time-series evolution of RATING, VEGA, and DELTA. The magnitude of vega and delta is generally consistent with the evidence documented in the extant literature (Core and Guay 1999; Coles et al. 2006 ). In line with Brick et al. 2012 , we observe an increase in CEO risk-taking incentives (both vega and delta) over time. RATING also increases over the study period, indicating a deterioration of credit ratings over time, as documented in prior research (e.g., Blume et al. 1998) . In particular, we find that rating agencies appear to tighten up their evaluation criteria and provide less optimistic assessments after the Enron-era accounting scandals.
Discussion of empirical results
CEOs' risk-taking incentives and realized rating category default rates Prior literature argues that introducing a convex payoff structure, such as stock options, into managerial compensation can offset the concavity in risk-averse managers' utility function, increasing their preference for risky projects (e.g., Rajgopal and Shevlin 2002; Coles et al. 2006 ). However, some evidence suggests that the validity of this argument may be a function of factors such as the shape of managers' utility function (e.g., Carpenter 2000; Ju et al. 2002; Lewellen 2006) . In this section we investigate the association between realized rating category default rates and our measures of risk-taking incentives (LNVEGA, LNDELTA and the variant). Firms' historical default rate records are One can see from this appendix that realized rating category default rates can vary significantly from one year to the next, and that the observed rate for any given year can vary significantly from the average. The realized rating category default rates thus differ from the estimated default rate embedded in different rating categories. Panel A of Table 2 presents the descriptive statistics of the realized rating category default rates, or DRATE. The mean is 0.62 percent while the median is 0, which suggests that realized default is not frequently observed and there is a high frequency of zero default rate in our sample.
We take DRATE into (1) as the dependent variable and estimate how it is associated with vega and delta. Because DRATE is left-truncated, we employ a tobit model. Standard errors cluster on both the firm and year dimensions. The empirical findings are presented in Table 3 . Columns 1 and 4 report the results using LNVEGA and LNDELTA to measure managerial risk-taking incentives. In columns 2 and 5, ΔLNVEGA and ΔLNDELTA are employed to capture the incentives. When using RESLNVEGA and RESLNDELTA to measure the compensation incentives, the results are exhibited in columns 3, 6, and 7. In columns 1 and 4, the coefficients on both LNVEGA and LNDELTA are positive and significant (p-value < 0.01), suggesting that compensation policies that induce executives to undertake risky projects and implement aggressive financial policies are associated with rating categories with higher default rates. ΔLNVEGA (ΔLNDELTA) and RESLNVEGA (RESLNDELTA) capture the incremental explanatory power of the current vega and delta beyond the existing investment strategy and financing policy in explaining realized rating category default rates. The positive and significant (p-value < 0.01) coefficients on ΔLNVE-GA (ΔLNDELTA) and RESLNVEGA (RESLNDELTA) suggest that our findings on the positive relationship between compensation incentives and default rates remain. Appendix 2 provides variable definitions.
16. The realized rating category default rates are computed based on the default of all the firms rated by Standard & Poor's. It is likely that the firms included in our analysis do not fully represent the entire pool of rated firms. The purpose of the analysis is to provide empirical evidence on the assertion that managerial risk-taking incentives from compensation are positively associated with the actual default of the firm. An analysis based on firm-specific default information would yield additional insights. (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column ( (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column (7 
Notes:
The t-statistics shown in parentheses are based on standard errors clustered at both firm and year levels (see Petersen 2009 and Gow et al. 2010 for a description). ***, **, * indicate significance at 0.01, 0.05, and 0.10 levels (two-tailed), respectively. Appendix 2 provides variable definitions.
The coefficients on the control variables are consistent with the findings reported in prior research. Financial risk measures such as SDNI, SDRET, and BETA are loaded with positive and significant coefficients (p-value < 0.01), suggesting the higher financial risks the higher realized rating category default rates. Firms with heavier debt burden face higher default rates. In contrast, firms with better performance, better interest coverage, larger size, and greater financial reporting transparency, as well as firms in the financial industry, are associated with lower default rates.
Impact of CEOs' risk-taking incentives on credit ratings Table 4 presents the regression results for (1). Recall that in this model the dependent variable is RATING, which increases with the default risk of issuers as evaluated by credit risk analysts. F-statistics show that the model has statistically significant power in explaining the cross-sectional variation of RATING. The explanatory variable of interest in column 1 is LNVEGA, which measures the sensitivity of managerial wealth to stock return volatility. In column 4, the variable of interest is LNDELTA, which captures the sensitivity of managerial wealth to stock price. Both of them capture managerial appetite for risky investments. Furthermore, the variables of interest are ΔLNVEGA (ΔLNDELTA) in column 2 (5) and RESLNVEGA (RESLNDELTA) in column 3 (6). In column 7 both RESLNVEGA and RESLNDELTA are included to proxy managerial risk-taking incentives from compensation.
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The regression results suggest that CEO risk-taking incentives are positively related to rating agencies' evaluation of firms' default risk. In particular, in columns 1 and 4 we find that the coefficients on LNVEGA and LNDELTA are significantly positive (p-value < 0.10 and p-value < 0.01, respectively). The results imply that managerial compensation incentives increase the issuer's credit risk in the eyes of the credit raters. Furthermore, we consider the potential influence of current compensation schemes on a firm's existing investment strategy and financing policy. ΔLNVEGA (ΔLNDELTA) and RESLNVEGA (RESLNDELTA) measure the additional power of vega (delta) beyond the existing financial policies in explaining the variation of credit ratings. In columns 2 and 5, the coefficients on ΔLNVEGA and ΔLNDELTA are significant and positive (p-value < 0.01). In columns 3, 6, and 7, RESLNVEGA and RESLNDELTA are loaded with significantly positive coefficients (p-value < 0.01). Therefore, the change in vega (delta) and the unexplained portion of vega (delta) beyond the concurrent investment and financing policies exhibit significant power in explaining rating agencies' risk evaluation outcomes. In summary, the findings support our first hypothesis that rating agencies evaluate firms' default risk in a forward-looking manner, assessing the impact of top management's compensation incentives on credit risk. In particular, the coefficient on LNDELTA is 0.227 in column 4 of Table 4, implying that assuming everything else equal if a firm upscales the delta in the CEO's equity holdings by one standard deviation, the firm's RATING score will increase by 1.7 (indicating increased default risk). Given RATING an intuitive measure of default risk, the amount of increase in RATING will in effect translate into a two-notch rating downgrade. Similarly, we gauge the economic significance of changes on vega on a firm's rating score and find that a one standard deviation increase in vega from the median leads to an approximately 0.8 increase in RATING score, in effect, nearly a one-notch rating downgrade. Turning to the control variables, the results are consistent with both our predictions and prior findings.
17.
We also include the residual term of the equity incentive and its expected level simultaneously (i.e., RES-LNVEGA and the estimated LNVEGA; RESLNDELTA and the estimated LNDELTA) into (1). The idea is that the estimated value (to some extent) releases the endogeneity part from the original level of LNVE-GA (LNDELTA), leaving the residual term as an experimental shock that could affect the credit ratings. Untabulated results show that our prior findings on RESLNVEGA and RESLNDELTA stay robust. Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column (7 Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column ( Column (1) Column (2) Column (3) Column (4) Column (5) Column (6) Column ( 
Notes:
The t-statistics shown in parentheses are based on standard errors clustered at both firm and year levels.***,**,* indicate significance at 0.01, 0.05, and 0.10 levels (two-tailed), respectively. Appendix 2 provides variable definitions.
Effect of rating concerns on compensation policy
The second hypothesis focuses on the effect of firms' rating concerns on the design of managerial compensation. Table 5 shows the tobit regression results of (2). LNNEWVE-GA is the dependent variable in columns 1 and 2 while LNNEWDELTA is the dependent variable in columns 3 and 4. The results suggest that credit ratings have a significant impact on firms' compensation policy in the sense that firms concerned about their credit ratings tend to adjust option grants so as to gear down CEOs' vega incentive. In column 1, the significantly negative coefficient on DOWN (p-value < 0.01) suggests that firms with a rating downgrade in the prior year reduce vega derived from stock option grants in the current year. 18 Firms with larger rating concerns, that is, firms having experienced a rating downgrade to the lower edge of the investment grade status, also downscale vega incentive, as suggested by the significantly negative coefficient on DOWNBBBÀ (p-value < 0.01) in column 2. However, in the model specifications in which LNNEWDELTA is the dependent variable, the coefficients on both the rating-concern measures are statistically insignificant, suggesting that when confronted with rating concerns, firms would reduce the sensitivity of managerial wealth to the volatility of firm performance (vega) rather than loosen the interest alignment between shareholders and managers (delta). All in all, our findings provide evidence on the economic significance of credit ratings in managerial compensation practices. More specifically, firms with credit rating concerns will adjust the manager's equity incentives for risk taking to prevent rating deterioration, but in doing so they prefer adjusting manager's vega rather than delta incentive.
In respect of the economic significance of the results, we estimate the marginal effects of DOWN and DOWNBBBÀ on LNNEWVEGA, which are À0.180 and À0.513, respectively. The results indicate that a firm will reduce vega incentive in new option grants by approximately 18 percent (i.e., 0.180 9 100 percent) when the firm has experienced a rating downgrade in the immediate prior year, compared to firms that did not experience a downgrade. A downgrade to the lower edge of the investment category (i.e., BBBÀ) in the previous year will lead to an approximately 51 percent reduction of vega in the current year's option grants. In addition, we observe that the absolute value of the coefficient on DOWNBBBÀ is larger than that on DOWN, implying that the greater are firms' concerns about their credit ratings, the more aggressively they will reduce managers' vega incentive.
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Turning to the control variables, consistent with prior literature (Core and Guay 1999) , the significant and negative coefficients (p-value < 0.01) on RESLNVEGA tÀ1 and RESLNDELTA tÀ1 suggest that firms further from their expected level of vega and delta utilize option grants to adjust the level of managerial equity holdings back toward a more normal level.
Robustness analyses Simultaneous equations estimation
As with other empirical studies that examine the relationship between credit ratings and firm characteristics, our study is possibly subject to endogeneity bias as ratings and managerial risk-taking incentives may be determined simultaneously by unobservable factors. Therefore OLS estimation can lead to biased results. Above we try to mitigate this problem by including control variables that can influence a firm's risk profile. However, there 18.
When replacing DOWN with DOWNEDGEÀ, an indicator if a firm has been downgraded to the lower edge of a broad rating category (i.e., AAÀ of the broad AA rating category), the results are not significantly different.
19.
The results of Hausman tests show that the coefficient on DOWNBBBÀ is significantly different from that on DOWN with chi-square being 9.94 and p-value < 0.01.
TABLE 5
Tobit estimation of the relationship between credit rating concerns and new stock option grants
Variable Predicted sign
Dependent variable defined as
Column (1) Column (2) Column (3) Column ( 
Notes:
The t-statistics shown in parentheses are based on standard errors clustered at both firm and year levels.***,**,*indicate significance at 0.01, 0.05, and 0.10 levels (two-tailed), respectively. Appendix 2 provides variable definitions.
has been a concern as regards the effectiveness of econometric remedies such as proxy variables, fixed effects, instrumental variables in providing reliable solutions to the simultaneity bias (Coles et al. 2012) . In this section, we estimate a system where rating scores and managerial risk-taking incentives are assumed to be codetermined. In addition, prior literature shows that managerial compensation has a significant impact on a firm's investment strategy and financing policy. We follow the framework in Coles et al. 2006 and Brockman et al. 2010 and investigate the relationships among credit ratings, managerial compensation incentives, financing policy, and investment strategy in the system. Prior research suggests that investment and growth opportunities are fundamental determinants of compensation, financing, and investment policies. Following Brockman et al. 2010 , we view book-to-market ratio (BTM) as exogenous and include BTM in all six equations. The choice of other instrument variables relies on prior literature.
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The results reported in column 1 of Table 6 are in line with our first hypothesis. After controlling for the simultaneity between credit ratings, managerial compensation incentives, and financial policies, the coefficients on LNVEGA and LNDELTA are positive and significant (p-value < 0.01) in relation to RATING, corroborating our prior findings that rating agencies assign lower credit ratings to the firms that give their CEOs larger risktaking incentives from equity compensation. Column 4 reports the results on the association between compensation incentives and financing policies. We observe that the coefficient on LNVEGA is positive and significant (p-value < 0.01) while the coefficient on LNDELTA is negative and significant (p-value < 0.01); the findings are consistent with prior literature (e.g., Coles et al. 2006; Brockman et al. 2010) . Columns 5 and 6 present our findings on the relationship between compensation incentives and investing strategies. The results on the vega dimension are in line with those reported in Coles et al. 2006 and Brockman et al. 2010 that managers incentivized by vega opt for high-risk investments in R&D expenditures but invest less in low-risk fixed-asset capital expenditures. Consistent with Brockman et al. 2010 , the coefficient on LNDELTA is negative and significant (p-value < 0.01) in column 5 in relation to R&D while insignificant in column 6 of CAPEX.
Other sensitivity tests
In addition, we investigate the robustness of prior results based on (1) on multiple dimensions. First, we estimate (1) in a first-difference form. Table 7 panel A presents the results of (1) with change specifications. By taking first differences, we control for the effects of unobservable time-invariant firm-specific factors on our prior findings and thus reduce the possibility of bias from correlated omitted variables. F-statistics suggest that the change specifications exhibit significant power in explaining the variation of the dependent variable (ΔRATING). The variables of interest (ΔLNVEGA and ΔLNDELTA) are loaded with significantly positive coefficients (p-value < 0.01), in line with our conjecture that higher risk-taking incentives from CEO compensation are associated with higher issuer default risk assessed by the credit rater. Results on the control variables also corroborate our prior findings.
Second, prior research documents the effects of corporate governance quality on credit rating evaluations (e.g., Ashbaugh-Skaife et al. 2006; Standard & Poor's 2002b) and compensation policies (e.g., Core, Holthausen, and Larcker 1999; Denis 2001; Bebchuk and Fried 2003) . The findings on the effect of equity incentives on credit ratings could be a reflection of a relation between governance quality and credit ratings. To control for the 20.
As with prior studies, we assume these instrumental variables are independent of the error terms in the equations. A violation of the assumption will lead to biased estimates. Column (1) Column (2) Column (3) Column (4) Column (5) Column (6 Column (1) Column (2) Column (3) Column (4) Column (5) Column ( Notes: t-statistics are shown in parentheses. ***,**,*indicate significance at 0.01, 0.05, and 0.10 levels (two-tailed), respectively. Appendix 2 provides variable definitions. The t-statistics shown in parentheses are based on standard errors clustered at both firm and year levels.***,**,* indicate significance at 0.01, 0.05, and 0.10 levels (two-tailed), respectively. Appendix 2 provides variable definitions.
influence of firms' corporate governance structures on our prior findings, we incorporate measures for corporate governance in the following analysis:
where, suppressing subscripts, RATING proxies for credit ratings, INC proxies for managerial risk-taking incentives (LNVEGA and LNDELTA), CONTROL1 is a vector of control variables, GOV is a vector of governance measures based on Ashbaugh-Skaife et al. 2006 , and e is an error term. Standard errors cluster simultaneously on the firm and year dimensions. Appendix 2 summarizes the variable definitions. Information on corporate governance is retrieved from RiskMetrics governance database. Panel B in Table 7 summarizes the regression results for (3). 21 The results show that managerial risk-taking incentives continue to have a significant impact on credit ratings after controlling for corporate governance structures. In particular, in columns 1 and 2, the coefficients on both LNVEGA and LNDELTA are positive and significant (p-value < 0.01). CEOVOTE, which represents the voting power held by the CEO, is significantly positively related to RATING (p-value < 0.01). This result is consistent with the evidence in Ashbaugh- Skaife et al. 2006 that in firms where the CEO has more voting power (suggesting management entrenchment), there is an increased likelihood of default, resulting in lower credit ratings. The relationships between other governance variables and RATING are not significant.
Third, note that RATING is a discrete variable with integer scoring, which assumes that the 20 rating categories are equally spaced. The assumption of uniform differences between categories may be crude, and thus in untabulated analysis we employ ordered logit models. The results corroborate our prior findings. Finally, financial sectors may be subject to special rating criteria (e.g., Ashbaugh-Skaife et al. 2006); we therefore replicate our prior analysis excluding financial firms from our sample and the results remain qualitatively unchanged. 
Conclusions
This study examines the association between credit ratings and managerial compensation incentives for risk taking. We measure risk-taking incentives in two ways. First, we use the sensitivity of managerial wealth to the volatility of firm performance (vega) to capture managers' risk appetite. Second, we use the sensitivity of managerial wealth to firm performance (delta) to capture the degree of interest alignment between managers and shareholders and in turn measure managers' incentives to choose risky investment policies on behalf of shareholders. Using a large sample of 8,189 firm-year observations during the 15-year period from 1992 to 2006, we provide evidence that rating agencies impound managerial risk-taking incentives (both vega and delta) in their risk assessments. Further, we examine whether firms with considerable rating concerns, such as having experienced a rating downgrade in the prior year, will tune down the risk-taking incentives in new option grants. Our results show that rating-troubled firms decrease managers' risk-taking 21 .
The decline in the number of observations is due to the merging with the corporate governance information from RiskMetrics governance database. 22.
In addition, we perform propensity score matching analysis in the spirit of Rosenbaum and Rubin 1983 to examine whether a firm's rating concern will trigger any significant adjustments in the new option grants. The results are supportive of our prior findings. The model on which the matching is based has a pseudo R 2 of 28 percent (25 percent) when Down (DownBBBÀ) is used as the dependent variable. Also note that there are a number of observations in the control group that have been used for multiple times in the across-group comparisons. We recognize the limitation that matching with replacement will overstate the weight put on a single control observation that is matched with multiple treatment observations. incentives as measured by vega, but not with respect to delta. These results are robust to allowing for the endogenous relationship between compensation, investment, and financing policies.
By explicitly investigating the extent to which rating agencies incorporate complex and forward-looking information in their risk evaluations, our results are consistent with the view that credit ratings are informative about issuers' overall credit risk. Our findings are thus supportive of the value of rating agencies in the marketplace, in line with prior literature (e.g., Anderson, Mansi, and Reeb 2003; Lee 2008) . Furthermore, consistent with prior research (e.g., Coffee 2002), the results suggest that credit raters perform a monitoring role, deterring firms from excessively inducing top management to pursue risky investments. Our findings can be of use to regulators or other practitioners who are concerned about the quality of credit ratings, following the accounting scandals of the early 2000s and the more recent global credit crisis.
Our findings however should be generalized with due caution. First, while care has been taken to address potential endogeneity problem in our estimations, the effectiveness of these approaches in addressing omitted variable and simultaneity problems is still open to debate. In addition, our measures of firms' credit rating concerns may be subject to measurement errors because in an empirical setting we cannot fully mimic corporate concerns about credit ratings. However, we attempt to mitigate this concern by measuring rating concerns from different perspectives and our empirical results remain largely consistent. Furthermore, compared with COMPUSTAT full sample, our sample tends to include larger firms and firms deeper in debt. The potential sample selection issue may hamper the generalization of the results. In addition, although our results suggest that firms with severe rating concerns will largely reduce risk-taking incentives in executive compensation design, excessive underinvestment is not necessarily consistent with shareholders' best interest (Acharya, Amihud, and Litov 2011) .
Appendix 1 Estimating vega and delta
Option vega is estimated as follows: vega = exp (ÀdT)N'(d 1 ) * PT
(1/2) *num, where d 1 = [log (P/X) + T(r À d + r 2 /2)]/(rT (1/2) ), N is the cumulative probability function for the normal distribution, N' is the normal density function, P is the price of the underlying stock at the end of the year, X is the exercise price of the option, r is the expected stock return volatility over the life of the option, r is the risk-free interest rate, T is time-tomaturity of the option in years, d is the expected dividend rate over the life of the option, num is the number of options.
Following Core and Guay 2002, we estimate the sensitivity of option value to changes in prices, option delta. The delta of stock options newly granted in current year is expressed as Option_delta = exp (ÀdT) N(d 1 ) * P * num * 0.01.
We also calculate the delta of options granted before current year. Following Core and Guay 2002, the maturity of exercisable options granted before is assumed to be three years less than the average maturity of the current options grants. Further, the maturity of unexercisable options is assumed to be one year less than the average maturity of the current options grants. The average exercise price for the unexercised but exercisable options is the current stock price minus the ratio of the intrinsic value of unexercised but exercisable previously granted options to the number of unexercised but exercisable options. In contrast, the average exercise price for the unexercised and unexercisable options is the current stock price minus the ratio of the intrinsic value of unexercised and unexercisable options less the intrinsic value of current option grants to the number of unexercised and unexercisable options less the number of options granted during the current year.
The aggregate equity delta is the sum of option delta and the sensitivity of stocks held by CEOs to changes in prices. Thus Equity_delta = Option_delta + P * num_stock * 0.01, where num_stock is the number of stocks, including stocks, restricted stocks, and performance-based stocks, held by CEOs at the end of the year.
Appendix 2 Variable definitions
Variable Description RATING RATING is recoded Standard & Poor's long-term domestic issuer credit rating for firm i in the end of year t (COMPUSTAT Item#280) in the range of 1-20, where 1 represents AAA and 20 stands for default. DRATE One-year corporate realized rating category default rates defined by each rating category. DOWN A dummy variable equals one if the rating for the firm was downgraded in the prior year, zero otherwise. DOWNBBBÀ A dummy equals one if the firm was downgraded to the edge of the investment category (i.e., BBBÀ) in the prior year, zero otherwise. LNVEGA Natural logarithm of option vega, the change in the value of the CEO's option holdings for a 0.01 change in the standard deviation of stock returns. LNDELTA Natural logarithm of equity delta, the change in the dollar value of the CEO's stock and option holdings for 1 percent change in the stock price. ΔLNVEGA LNVEGA minus its one-year-prior value, that is, LNVEGA t -LNVEGA tÀ1 . ΔLNDELTA LNDELTA minus its one-year-prior value, that is, LNDELTA t -LNDELTA tÀ1 .
RESLNVEGA
Residual vega from a prediction model that regresses LNVEGA on several measures of existing investment and financing policies and a vector of control variables at the end of year t.
RESLNDELTA
Residual delta from a prediction model that regresses LNDELTA on several measures of existing investment and financing policies and a vector of control variables at the end of year t.
RESLNVEGA tÀ1
Residual vega from a prediction model that regresses LNVEGA on several measures of existing investment and financing policies and a vector of control variables at the end of year t À1. RESLNDELTA tÀ1 Residual delta from a prediction model that regresses LNDELTA on several measures of existing investment and financing policies and a vector of control variables at the end of year t À1. LNNEWVEGA Vega incentive from stock options newly granted during the current year, measured as the natural logarithm of the change in the value of stock options newly granted to the CEO during year t for a 0.01 change in the standard deviation of stock returns. LNNEWDELTA Delta incentive from stock options newly granted during the current year, measured as the natural logarithm of the change in the value of stock options newly granted to the CEO during year t for 1 percent change in the stock price.
ROA
Return on assets, measured as income before extraordinary items (Item #18) divided by total assets (Item #6) for the firm at the end of year. LEV Leverage ratio, measured as the sum of long-term debt (Item #9) and short-term debt (Item #34) divided by total assets (Item #6) for the firm at the end of year.
(The 
